Objective To compare the effect of admission cardiotocography and Doppler auscultation of the fetal heart on neonatal outcome and levels of obstetric intervention in a low risk obstetric population.
Introduction
The admission cardiotocogram is a short, usually 20 minute, recording of the fetal heart rate immediately after admission to the labour ward. 1 The main justification for admission cardiotocography is that the uterine contractions of labour put stress on the placental circulation; an abnormal tracing might indicate a deficiency and hence identify potential fetal compromise at an early enough stage to allow intervention. Furthermore, a normal admission cardiotocogram offers reassurance. However, the incidence of intrapartum fetal compromise is low in pregnancies that have been uncomplicated before the onset of labour. Thus, labour admission cardiotocography may represent unnecessary intervention. In such low risk cases, confirmation of a normal fetal heart rate by Doppler auscultation should be sufficient. 2 Evidence from randomised trials shows that routine electronic fetal monitoring throughout labour results in increased, and probably unnecessary, intervention for apparent fetal distress. [3] [4] [5] Admission cardiotocography in a low risk obstetric population may therefore result in increased obstetric intervention without fetal and neonatal benefit. We compared the effects of labour admission cardiotocography and Doppler auscultation of the fetal heart on neonatal outcome and levels of obstetric intervention in a low risk obstetric population.
Participants and methods
Women were eligible to join the study if they were booked for hospital delivery, attended a hospital or community based consultant led clinic in the third trimester of pregnancy, and had no obstetric complications at that visit that would warrant continuous intrapartum monitoring of fetal heart rate (preeclampsia or hypertension in previous or index pregnancy; essential hypertension; diabetes (insulin dependent or gestational); suspected intrauterine growth restriction; placental abruption or praevia or vaginal bleeding of unknown origin; multiple pregnancy; fetal malformation; previous caesarean section; breech presentation; or rhesus isoimmunisation).
Randomisation procedure and study protocol
A researcher obtained informed consent for the study at the third trimester visit. Women were randomised to the cardiotocography or Doppler group with a commercially available computer randomisation program. 6 The allocation was placed in a sealed envelope and attached to the labour admission page of the woman's case records. The women did not know which group they had been randomised to until their admission in labour. An independent observer checked the randomisation process weekly. The data analysts were blind to the randomisation code.
When women who were recruited to the study were admitted in spontaneous uncomplicated labour, the admitting midwife opened the trial envelope. Women randomised to the cardiotocography group had 20 minutes of cardiotocography before being given any opiate analgesia. Women randomised to the Doppler group had fetal heart auscultation with a hand held Doppler device during and immediately after at least one contraction. Staff on the labour ward interpreted the fetal heart assessments and took action on the basis of protocols.
Some women developed complications after randomisation that warranted continuous intrapartum monitoring of the fetal heart rate. These women had their admission assessment and labour managed according to the obstetric complication.
At delivery, we obtained umbilical cord blood samples to measure pH and base deficit. When possible both arterial and venous samples were taken. Arterial blood results were included in the analysis only if both an arterial and venous sample had been obtained and the results suggested no errors due to a poor quality sample.
Outcome measures
The primary outcome measure was metabolic acidosis at delivery, defined as an umbilical cord pH < 7.20 with a base deficit of > 8.0 mmol/l. Secondary outcome measures were other assessments of neonatal outcome (Apgar scores, need for intermittent positive pressure ventilation at resuscitation, admission to neonatal intensive care) and obstetric intervention (use of continuous fetal heart rate monitoring in labour, artificial rupture of membranes, augmentation of labour, monitoring of scalp pH, epidural analgesia, operative delivery).
Sample size and analysis
A final target sample size of 1704 confirmed low risk women was based on an excess of umbilical cord blood metabolic acidosis of 4% in the Doppler group. This gave an of 0.05 with 80% power. This effect size was chosen as a clinically important difference. In a pilot study in which all women had admission cardiotocography, the incidence of metabolic acidosis was 7%.
During the study the sample size and power calculation were reviewed by the project group and modified. Our original grant application was awarded on the basis of recruiting 3370 low risk women and based on an arbitrary 3% excess of metabolic acidosis in the Doppler group, which we considered clinically important and defined the target power of 90%. As the study progressed, it became clear that recruitment was lower than expected for various justifiable but unalterable reasons and that more women were developing complications that required continuous monitoring than had been predicted. These problems were highlighted in the interim report to the funding body, and we were given a supplementary award to extend the recruitment period. In this application, we stated that the power would be reduced to 80% as this was the conventional level. At that time we believed that we would be able achieve the reduced sample size of 2552.
Just after receiving the supplementary award, we audited the interobserver and intraobserver error in abstracting data from clinical notes. This showed that data on arterial blood gas concentrations were not available in all women, which would create a further shortfall in the number of women available for analysis of the primary outcome variable. Thirteen months before recruitment was due to end the steering group met with two research midwives to discuss the recruitment and viability of the study. At this stage we calculated that at the end of recruitment the number of low risk women on admission in labour with data on arterial blood gas concentrations would be about 1800, a shortfall of 752.
We discussed whether to ask for further funding, review the power calculations, or abandon the study. We dismissed asking for further funding as unrealistic and then reviewed the power calculation. We were not prepared to drop the target power of study below 80%. However, we discussed at length the relevance of the clinical effect size of 3%. Our predicted sample size was sufficient to detect a 4% difference, and our clinical decision at the time was, and remains, that a 4% difference was as relevant as a 3% difference. We therefore agreed to set the effect size at 4% with an 80% power.
Apart from the small audit, no analysis was done until the study was complete and all data had been entered and double checked. All analysis was done blind to the randomisation group.
The whole group analysis was by intention to treat at the time of randomisation. We also did a subgroup analysis on women who were still low risk when they were admitted in labour.
Results
In all, 4023 women met the entry requirements; 271 (7%) did not wish to participate, which left 3752 to be randomised in the third trimester (figure).
Whole group analysis
Comparison between the two groups showed no significant differences in the incidence of metabolic acidosis at delivery. Women in the cardiotocography group were significantly more likely than women in the Doppler group to have continuous monitoring of fetal heart rate during labour, have epidural analgesia, and require an operative delivery. There were no other significant differences (table 1) .
Subgroup analysis
Between randomisation during the third trimester of pregnancy and admission in labour, 1384 women (37%) developed an obstetric complication that warranted continuous fetal heart rate monitoring in labour (table 2) . We did a subgroup analysis after these women were excluded.
Comparison between groups showed no significant differences in the incidence of metabolic acidosis at delivery. Women who had admission cardiotocography were significantly more likely than women in the Doppler group to have continuous fetal heart rate Flow chart of trial monitoring in labour, augmentation of labour, epidural analgesia, and require an operative delivery. There were no other significant differences (table 3) . In this group of confirmed low risk women, 21.5% (255/1186) randomised to have admission cardiotocography were considered to have an abnormal fetal heart trace at the onset of labour compared with 3.6% (42/1181) of women in the Doppler group (P < 0.0001). In the cardiotocography group the commonest abnormalities were decelerations (147, 58%) and reduced variability (111, 43%) of cases. In the Doppler group, the commonest abnormalities were a bradycardia and decelerations (both 18 (43%) cases).
Discussion
In our clinical environment, admission cardiotocography had no neonatal benefit, as assessed by metabolic acidosis at delivery, but resulted in increased obstetric intervention. We obtained the same result whether the analysis was for the whole group or just women who remained at low risk when admitted in labour. As the aim of the study was to investigate the effect of admission cardiotocography or Doppler auscultation on the incidence of metabolic acidosis in low risk pregnancies, we felt justified in performing a subgroup analysis in which we excluded women who developed complications between randomisation and the onset of labour. It would have been preferable to obtain women's consent before labour and then wait until they were admitted in labour before randomising them. We could not to do this because of ethical and logistical constraints.
Effect on fetus
Previous descriptive studies have suggested that admission cardiotocography may help identify a compromised fetus when the uterine contractions of early labour act as a functional stress on the placental circulation. 1 7 8 These uncontrolled studies, however, do not allow conclusions to be drawn about the clinical usefulness or indeed clinical risks of admission cardiotocography. The assumed benefits are not confirmed by our trial.
We found no neonatal benefit from women having admission cardiotocography, as assessed by the presence of metabolic acidosis at delivery. There were no significant differences in the secondary neonatal outcome measures between the two methods of fetal heart rate assessment. However, our sample size is insufficient to provide definitive information about these outcomes. Many of the confidence intervals were wide and included unity.
Interpreting cardiotocograms
We found much higher levels of concern about the fetal heart rate after admission cardiotocography than after Doppler auscultation. There is wide intraobserver and interobserver variation in the interpretation of cardiotocograms even among experts. [9] [10] [11] [12] [13] Fetal heart variability is difficult to interpret visually, and there is a tendency to over report abnormalities. 12 14-17 We found a high percentage of admission cardiotocograms were reported as abnormal, with reduced variability and variable decelerations the most commonly reported abnormalities. This high rate of abnormal admission traces is in keeping with findings in other studies. 18 Variability in fetal heart rate cannot be assessed in the Doppler group.
Our study was a pragmatic trial in which the midwives and junior obstetric staff interpreted the admission fetal heart assessments. Our findings suggest that when an admission cardiotocogram shows possible reduced baseline variability or mild decelerations, midwives and obstetricians will take defensive action. This starts with continuous monitoring of fetal heart rate, which leads to increased obstetric intervention in the form of augmentation of labour, epidural analgesia, and, ultimately, increased rates of operative delivery. Other randomised trials have also found that routine electronic fetal monitoring in labour results in increased unnecessary intervention for fetal distress.
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Maternal outcomes
Perhaps the most important finding is the increased rate of operative delivery in women who had admission cardiotocography. Among women who were low risk at admission, there was an absolute increase of 5.5% in operative delivery and 1.5% increase in caesarean sections. The rising caesarean section rate in the United Kingdom continues to generate much debate and concern. [19] [20] [21] [22] [23] The increased use of continuous monitoring of fetal heart rate in labour in women who had admission cardiotocography in this study is likely to be a contributing factor. This study has confirmed that among women with low risk features at the onset of labour, the admission cardiotocogram is no better than Doppler auscultation of the fetal heart in identifying a potentially compromised fetus. Admission cardiotocography was associated with increased obstetric intervention including higher rates of operative delivery. Although caution is needed in generalising conclusions to the whole population, our results point to potential problems with admission cardiotocography. These problems are likely to persist while difficulties remain in interpreting cardiotocograms.
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Commentary: changes between protocol and manuscript should be declared at submission
Mires et al's article addresses a wide readership on an important topic and uses robust methods. It has the potential to change clinical practice, which is one of the yardsticks by which journals measure the influence of papers they publish. It is therefore just the kind of article we are keen to publish in the BMJ. We were worried, therefore, to discover by chance that the power calculation, the pilot incidence, and the degree of clinically important difference declared in the submitted manuscript differed from those declared in the original study protocol. We then faced a question of publication ethics: should we continue with publishing a paper we believed would interest BMJ readers, despite irregularities in its presentation, or should we reject it because of poor publication practice?
What is already known on this topic
The admission cardiotocogram is a short recording of the fetal heart rate immediately after admission to the labour ward Opinion varies about its value in identifying a potentially compromised fetus In low risk women, the incidence of intrapartum fetal compromise is low
What this study adds
Compared with Doppler auscultation of the fetal heart, admission cardiotocography has no benefit on neonatal outcome in low risk women The key question seemed to be whether the paper's scientific validity, given the departure from the prespecified power calculation, was now too attenuated to deliver a clear and valid message for general readers. With statistical advice, we concluded that the study, although no longer able unequivocally to exclude a difference between the cardiotocography and intermittent Doppler auscultation arms, had sufficient power to make a new and useful contribution to the debate over monitoring in delivery units. We therefore chose to publish it. In doing so, we hope to open a debate on the ethical issues it raises.
Need for openness
What view should we take of Mires et al's decisions to conduct an interim audit and modify their targets accordingly? Murray, a statistician, believes that is wrong to modify power calculations. The fact that the choice of a clinically relevant difference is arbitrary, he argues, is all the more reason for choosing it in a prespecified, rather than data driven, way. Nesheim, on the other hand, an obstetrician and trialist with experience in ethics, argues for greater leniency when hindsight reveals inaccurate baseline assumptions about recruitment rates or rates of outcomes.
Whatever view statisticians and trialists take of ''evolving" power calculations, however, the editor's view on submission of manuscripts is clear. Good publication ethics require that all important changes that occur between the protocol and submitted manuscript must be declared at the time of submission.
How would others deal with the problem Mires et al faced? Only hindsight allows confident "prediction" of the likely rates of outcomes or of numbers of participants recruited, and similar difficulties must have been faced by many researchers. How has it has been managed elsewhere? How ought it to be managed, and how far does the continuing responsibility for ensuring effective use of research funds extend? Do funding bodies have a commitment to seeing an approved trial through to a scientifically meaningful conclusion when unforeseen recruitment difficulties arise? Should editors require all trialists to submit protocols, along with details of any amendments that have been made? We welcome your views. Please send a rapid response to bmj.com.
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Commentary: research governance must focus on research training
Gordon D Murray
Cases of research fraud are regularly reported in the BMJ, usually in the context of a doctor being disciplined by the General Medical Council. Such cases are inexcusable and undermine public confidence in science and the medical profession. However, I have long argued that in terms of the contamination of the medical literature, the effects of blatant fraud are modest compared with the huge number of published papers that are seriously misleading because they ignore the basics of good research practice. [1] [2] [3] Data driven hypotheses are put forward as if they were prospective, or multiple analyses are done on accumulating data in a game of "chase the P value." The importance of prespecifying a carefully formulated question, adhering to the protocol, and interpreting the results in the light of the original question, does not seem to be widely appreciated.
The paper by Mires et al is a case in point. I was asked to referee the manuscript for the BMJ, and the power calculation described in the manuscript was based on having 80% power to detect at the 5% significance level a clinically relevant difference of 4% in the incidence of metabolic acidosis, assuming a background rate of 7% (derived from pilot data). By coincidence, I was also asked to referee the authors' final report to the trial's funding body. This gave me access to the original grant application, where the power calculation was based on having 90% power to detect a clinically relevant difference of 3% in the incidence of metabolic acidosis with 5% significance, assuming a background rate of 6% (derived from the same pilot data).
The final report to the funding body explained some but not all of these midcourse corrections, but they were not mentioned in the BMJ manuscript. This is, of course, of particular concern in an open study such as this, where there can be no robust proof that the changes were not data driven.
Effect of changes
This point might be seen as academic, but the fine detail of the power calculation is crucial in interpreting the results. The study had negative findings, with the 95% confidence interval for the change in the rate of metabolic acidosis being − 2.3% to 3.5%. In the original power calculation a difference of 3% was regarded as clinically relevant, and the confidence interval does not exclude the possibility of such a difference. Thus the study is inconclusive. However, with the modified power calculation 4% was regarded as the smallest clinically relevant difference, and the confidence interval does exclude such a difference. Thus the study, which had been inconclusive and rather inadequate, now gives a strong negative finding that establishes the equivalence of the two interventions in terms of the primary outcome measure.
I would be the first to acknowledge that the value judgment of whether 3% or 4% should be regarded as the smallest clinically relevant difference is rather arbitrary, but it is precisely because such judgments are difficult that they must be discussed and agreed beforehand rather than in the light of the data. I am not suggesting that Mires et al intended to deceive. But the manuscript as originally submitted to the BMJ was mis- leading because it did not set out the original power calculation and the reasons for the subsequent changes.
Detection and prevention
In terms of detection, this case raises the important question of whether authors should be required to submit original study protocols, and protocol amendments, along with their manuscripts. The increase in workload for reviewers would be substantial, but I believe it could be justified for important pragmatic studies that have the potential to modify clinical practice. Maybe this could be the selection criterion. Authors who believe that their results ought to affect clinical practice would be required to submit their protocol.
The issue of prevention is more important. With crucial guidelines on research governance being drafted by the Department of Health, the Scottish Executive, and the GMC, great emphasis must be placed on research training. With so much evidence that even experienced investigators do not fully appreciate the importance of "the scientific method," there is much work left to be done.
